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The Center for Conservation Biology is an organization dedicated to discovering 
innovative solutions to environmental problems that are both scientifically sound 
and practical within today’s social context.  Our philosophy has been to use a 
general systems approach to locate critical information needs and to plot a 
deliberate course of action to reach what we believe are essential information 
endpoints.
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Background 
 
The whimbrel (Numenius phaeopus) is a large, long distance migratory shorebird.  The North American 
race (N.p. hudsonicus) includes three disjunct breeding populations, all of which winter primarily in 
Central and South America.  The two western populations breed in Alaska and the Northwest Territories 
of Canada (Engelmoer and Roselaar 1998).  These western whimbrels primarily use different migration 
routes and wintering grounds and are most likely genetically segregated populations (CCB unpublished 
tracking data).  The eastern population breeds south and west of Hudson Bay in Manitoba and Ontario, 
Canada (Skeel and Mallory 1996, Jehl and Smith 1970).   
 
For decades, biologists believed the western populations followed a Pacific Coast migration route 
between breeding and wintering areas in Panama and western South America, and that the Hudson Bay 
population followed an Atlantic Coast migration route to wintering grounds in Northeast South America 
(Andres et al. 2009, Morrison and Ross 1989, Skeel and Mallory 1996, Taverner 1942).  Investigations of 
satellite tagged whimbrels on Atlantic Coast staging grounds established a clear connection between 
“western” breeding grounds and “eastern” stopover locations (Watts et al. 2008, CCB unpublished 
tracking data).  Further tracking studies have clarified the connection between the Mackenzie Delta 
breeding population and the “Great Circle” flyway through Atlantic Canada in fall and through the Gulf 
Coast in spring (CCB unpublished data).  Both eastern and western populations are of high conservation 
concern due to population declines in recent decades (Bart et al. 2007, Morrison et al. 2006, Watts and 
Truitt 2011).   
 
In 2008, CCB began a collaboration with The Nature Conservancy Virginia Coast Reserve staff to 
investigate the stopover and migration ecology of whimbrels along the Delmarva Peninsula. The study 
has included aerial surveys to estimate seasonal populations, traditional radio transmitter deployment 
to examine stopover periods, and satellite transmitter deployment to document migration pathways 
and breeding destinations for birds leaving the site. The seaside of the Delmarva Peninsula has been 
recognized as a globally important bird area, a hemispheric shorebird reserve, and a UNESCO biosphere 
reserve. The discovery that whimbrels use the site as a terminal staging area before embarking on a 
transcontinental flight suggests that the site is uniquely suited to provide the tremendous amount of 
energy required to prepare birds for such a flight.  
 
OBJECTIVES:   
 
1)  To determine spatial use and activity budgets of whimbrels during spring and fall migration 
including foraging rates, the influence of tide cycle on activities, the location of roosting sites, 
and opportunistic resighting of any previously tagged whimbrels in Virginia.   
 
2)  Conduct ongoing “Whimbrel Watch” program at Box Tree Creek, Virginia.   
 
METHODS 
 
Study Area: 
 
The Virginia Barrier Island/Lagoon system includes the seaward margin of the lower Delmarva Peninsula 
from the mouth of the Chesapeake Bay to the MD-VA border.  The chain of 14 barrier islands protects an 
extensive lagoon system that contains over 85,000 ha of tidal marsh, mudflats, and open water.  The 
area has been designated as a UNESCO Biosphere Reserve (http://www.unesco.org), a Western 
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Hemisphere Shorebird Reserve Site with international status (http://www.whsrn.org) and is the site of a 
National Science Foundation Long Term Ecological Research site (http://www.vcrlter.virginia.edu) and 
the focus of a multi-organizational partnership dedicated to bird conservation.  A large portion of this 
system is in protective ownership.  Our study site is centered on Box Tree marsh, a large marsh system 
under TNC ownership (Figure 1-3).       
 
Figure 1.  Box Tree marsh study site overview. 
 
 
 
Figure 2.  Box Tree creek “Northern” whimbrel observation sites.  
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Figure 3.  Box Tree creek “Southern” whimbrel observation sites.   
 
 
 
Behavioral Observations/Time Budget: 
 
The behavioral observations were recorded on field data sheets.  The observer would scan through the 
flock, recording the total number of whimbrels present.  The observer would then start recording 
behavioral observations on one end of the mud flat, working through the birds and attempting to record 
data on each bird only once.  Observations recorded include date, time of day, location, general weather 
information, nearest distance to neighbor (both inter- and intra-specific neighbor), predator species 
seen and response, foraging details (number of foraging attempts, successful attempts, total number of 
steps), prey details (species, size class), and preening/maintenance details.  General behaviors (foraging, 
roosting, preening, predator response) were timed to the nearest second.  A subset of successful 
foraging attempts was analyzed for handling behaviors (washed or unwashed, removal of “fiddle” claw).  
Prey was subdivided into three size classes based on relationship of prey to bill length (small roughly 
10mm, medium roughly 20mm, and large roughly 30mm carapace width).  All behavioral observations 
took place during daylight hours.  One-way ANOVAs were used to analyze the behavioral observation 
data set.           
 
Resighting: 
 
The resighting protocols were adapted from the South Atlantic Red Knot Resighting Protocol (Smith 
2011). 
   
Whimbrel Watch: 
 
The “Whimbrel Watch” follows the protocols adapted from the Toronto migration count (Smith 2009).  
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RESULTS 
 
Behavioral Observations/Time Budget: 
 
A total of 1,209 three minute behavioral bouts were observed.  These were comprised of 591 spring and 
618 fall observation bouts.  The observations were separated into 6 time periods, early spring (17 April 
to 30 April), middle spring (1 May to 14 May), late spring (14 May to 31 May), fall early (15 July to 1 
August), fall middle (2 August to 17 August), and fall late (18 August to 1 September). 
 
Foraging birds were classified as any whimbrel spending more than 45 seconds foraging during a 3 
minute observational bout.  A total of 266 foraging whimbrels were observed during the spring season 
(Early N =89, Middle N=109, Late N=68).  During the spring season, capture rate varied throughout, with 
significant differences between seasons (one-way ANOVA , df = 2, p>0.10).  The initial capture rate for 
foraging birds was .94 fiddler crabs/minute (Figure 4).  During the middle part of spring stopover, 
capture rates decreased to .72 fiddler crabs/minute.  During the final spring period, capture rates 
decreased to .51 fiddler crabs/minute.  A total of 225 whimbrels were observed foraging during the fall 
migration period (Early N=46, Middle N=91, Late N=88).  Capture rate varied through the fall migration 
season, and no significant differences were detected in success rates (one-way ANOVA, df=2, P>0.10).  
The initial capture rate during fall migration was .52 fiddler crabs/minute.  The middle fall period 
remained at .52 fiddler crabs/minute, and during the final fall period the rate increased to .56 fiddler 
crabs/minute.     
 
Figure 4.  Spring foraging success rate (fiddler crabs captured/minute).   
 
 
 
The mean size of prey items shifted during the season.  The mean prey size of fiddler crabs during the 
early Spring period was 2.1±.8SD (N=156)(prey items scaled from 1 to 3, small (<10mm =1, 10 to 
25mm=2, >25mm=3).  The middle spring stopover period saw a decrease in mean prey size to 1.8±.8SD 
(N=153).  The third spring period saw another size decrease to 1.7±.6SD (N=74).  The fall stopover period 
followed a similar pattern, with the earliest migration period foraging on the largest mean prey items 
(2.0±.6SD, N=46).  The middle fall migration period saw a decrease to 1.9±.5SD (N=93), and the late fall 
period saw another decrease to 1.6±.7SD (N=132).     
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Whimbrels selected prey size ranging from small (<10mm carapace width) to large (>25mm carapace 
width)(Figure 5).  A total of 664 fiddler crabs were observed taken as prey (Table 1).  Males were the 
more common prey sex in spring (59% of crabs taken, N=87).  Females comprised 41% of total known 
sex prey items (N=61).       
 
Figure 5.  Total number and size class of prey items observed.   
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Table 1.  Total numbers of Fiddler Crabs taken as prey, sex of crab, and size crab of class through season.   
 
Migration 
Season 
Crab Sex 
Size Class 
Totals 
Small Medium Large Unknown 
Spring Early Male 2 22 41 0 65 
Spring Early Female 3 27 16 0 46 
Spring Early Unknown 41 3 1 0 45 
Total Spring 
Early  
46 52 58 0 156 
Spring Middle Male 0 12 10 0 22 
Spring Middle Female 1 12 2 0 15 
Spring Middle Unknown 59 34 23 0 116 
Total Spring 
Middle  
60 58 35 0 153 
Spring Late Male 0 0 0 0 0 
Spring Late Female 0 0 0 0 0 
Spring Late Unknown 27 40 7 0 74 
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Total Spring 
Late  
27 40 7 0 74 
Fall Early Male 0 0 0 0 0 
Fall Early Female 0 0 0 0 0 
Fall Early Unknown 8 30 8 1 47 
Total Fall 
Early  
8 30 8 1 47 
Fall Middle Male 0 0 0 0 0 
Fall Middle Female 0 0 0 0 0 
Fall Middle Unknown 15 67 11 0 93 
Total Fall 
Middle  
15 67 11 0 93 
Fall Late Male 0 0 0 0 0 
Fall Late Female 0 0 0 0 0 
Fall Late Unknown 68 43 21 10 142 
Total Fall Late 
 
68 43 21 10 142 
Total all 
seasons  
224 290 140 11 665 
 
Whimbrel Watch: 
 
The 2013 “Whimbrel Watch” established a new annual high count for migrating whimbrels with 7,260 
total whimbrels observed in 49.5 hours of observations.  The count began 3-4 hours prior to sunset, 
when the birds take off from the mudflats and leave en mass towards the breeding grounds.  The count 
continued until half an hour past sunset on evenings of high migration activity.  All migrating shorebirds 
were counted, and flock information (time of day, size, species compositions) were recorded for each 
flock and daily information is summarized (Table 2).         
 
Table 2.  Daily “Whimbrel Watch” totals, start time, observer effort, and daily migrant shorebird totals.   
 
Date 
Start 
Time 
Obs 
Hours 
WHIM BBPL GRYE DUNL SEPL SBDO TOTAL 
5/16/2013 5:00pm 3.25 0 0 0 0 55 0 55 
5/17/2013 6:00pm 3.3 135 0 12 1 10 1068 1226 
5/18/2013 6:00pm 1 0 0 0 0 0 0 0 
5/19/2013 6:00pm 2.25 43 1 2 0 26 43 115 
5/20/2013 6:00pm 2.25 25 1 1 0 10 1 38 
5/21/2013 5:50pm 2.5 148 0 2 0 10 0 160 
5/22/2013 6:00pm 2.25 311 1 5 30 2 25 374 
5/23/2013 5:40pm 2.6 724 0 1 55 4 0 784 
5/24/2013 4:00pm 3.25 0 26 0 0 6 0 32 
5/25/2013 4:00pm 3.25 25 55 0 25 4 0 109 
5/26/2013 5:40pm 2.8 2430 204 0 100 2 0 2736 
5/27/2013 4:00pm 4.5 2492 951 0 577 42 2 4064 
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5/28/2013 5:00pm 3.25 530 135 0 1 2 0 668 
5/29/2013 5:00pm 3.2 204 326 0 0 0 0 530 
5/30/2013 5:00pm 3.5 152 190 0 0 32 0 374 
5/31/2013 5:10pm 3.3 38 0 0 0 15 0 53 
6/1/2013 5:30pm 3 3 6 0 0 2 0 11 
Season 
Totals  
49.45 7260 1896 23 789 222 1139 11329 
 
Resighting Project:   
 
A total of 125 whimbrels were previously marked in Virginia (2008-2012), establishing a small marked 
population (Smith 2010).  A total of 1,460 whimbrels were scanned for flags during the spring migration, 
and 1,288 were scanned during fall migration 2013.  A total of three previously flagged whimbrels were 
observed during the study, two during the spring migration and one during fall migration.  None of the 
tagged birds were observed close enough to determine the alpha-numeric code on the flag.  One 
whimbrel was resighted and photographed having lost the individual flag marker.           
  
DISCUSSION 
 
Whimbrels utilize the Eastern Shore lagoonal marshes for approximately 26 days in spring migration 
(Smith 2010), and a similar period of time in the fall.  Documenting the foraging and refueling rates of 
whimbrels staging in Virginia was a priority research need in the Whimbrel Conservation Plan (Wilke and 
Johnston-Gonzalez 2010).  Whimbrels were only observed taking fiddler crabs as prey during the 2013 
spring and fall stopover seasons.  With our foraging rates and the known caloric values of fiddler crabs, 
we can extrapolate the energy requirements of whimbrels stopping on the Eastern Shore of Virginia.  
Whimbrels need 20,540 kj over a 26 day stopover period (790 kj/day).   They need an additional 358 
kj/day to put on fat stores to make the journey to the breeding grounds or wintering grounds from 
Virginia.  This puts the total amount of kj/day necessary for body mass increase at 1148 kj/day.  
Whimbrels have to eat 24g ash free dry mass (AFDM) of fiddler crabs/day to maintain body mass (Zwarts 
1990).  The average fiddler crabs eaten by whimbrels at Box Tree have a predicted mass of .33g AFDM 
each.  Thus the average whimbrel needs to consume 72 medium sized fiddler crabs/day to maintain 
body weight, and increase feeding to 106 crabs/day to put on enough body fat to migrate to breeding 
grounds or wintering grounds in good condition.   
 
The abundance of fiddler crabs on the Eastern Shore during both spring and fall migrations make this an 
extremely important stopover site for whimbrels in both migration seasons.  During the spring migration 
stopover period, whimbrels ate on average .74 crabs/minute, meaning whimbrels have to forage for 2 
hours and 23 minutes/day to meet the energy requirements.  During the fall period, whimbrels eat on 
average .53 crabs/minute, equating to a total foraging time of 3 hours and 20 minutes/day.  The 
indigestible matter of the carapace of the crabs creates a digestive bottleneck effect, where birds must 
pause from foraging to allow for digestion of the crabs (Zwartz and Blomert 1990, Zwartz and Dirksen 
1990).  The indigestible organic mass of the fiddler crab depresses the digestibility and potential energy 
content of the crabs, making them one of the lowest documented energy sources of any prey species 
Zwarts and Blomert 1990).  The different foraging rates between spring and fall could be explained by 
the synchronous migration in spring (where all of the birds tend to leave during the same migration 
window and therefore need to be in similar body condition as conspecifics) and the protracted fall 
migration (with birds staging and leaving at widely different times during the fall migration window.  The 
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actual density of crabs/hectare was not calculated during this study, and remains a gap in knowledge.  A 
focused effort on quantifying the density and distribution of fiddler crabs in the high use shorebird areas 
would set a baseline of information on this critical food resource.   
 
The “Whimbrel Watch” season was a success.  A new annual high count was established during the 
spring 2013 season, with over 7,200 whimbrels counted and back to back evening counts of over 2,400 
migrating whimbrels.  The count, started Box Tree dock in 2009, continues to be an important addition 
in the monitoring of these long distance migrants.  The sister count, conducted along Lake Ontario in 
Toronto, had roughly 2,000 total whimbrels.  Prior studies have shown a clear connection between the 
whimbrels migrating from Virginia and through Toronto (Smith 2010).  The sister counts have been 
conducted systematically since 2010.     
 
The paucity of resight data can probably be explained by the focus of efforts on behavioral observations 
during the spring and fall seasons.  The best places to resight are simply not the best places to observe 
large numbers of whimbrels, and vice versa.  One previously tagged whimbrel was positively identified 
on the island of Aruba during the fall migration (October) of 2013.  This bird (AJK) was originally banded 
15 August 2009 at Box Tree marsh, and was also resighted during the fall of 2011 in the same location 
on Aruba. 
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